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1

METHODS AND APPARATUS FOR
DETERMINING AND ASSIGNING
SPECTRUM FOR WIRELESS
COMMUNICATIONS

FIELD

Various embodiments relate to wireless communications,
and more particularly, to methods and apparatus which facili-
tate determination and/or allocation of one or more frequency
bands, ¢.g., unused frequency band corresponding to televi-
sion (TV) spectrum, to communications devices for wireless
communications.

BACKGROUND

Recently, the FCC has indicated that unused spectrum, e.g.,
unused TV spectrum, may be used by communications
devices for wireless communications 1n accordance with
rules for accessing the spectrum. These rules are designed to
avold interference to the primary users, e.g., TV service
Broadcasters. However, the FCC has not mandated any par-
ticular technology that should be used. This can potentially
lead to situations where devices which support various dii-
ferent technologies may coexist and attempt to access the
same white space. Managing interference across technolo-
gies can be difficult 1n an environment where different tech-
nologies may attempt to use the same spectrum and opera-
tions are not coordinated between the different technologies.
Moreover, since there are potentially multiple frequency
bands corresponding to the white space available for commu-
nication, efficient use of multiple bands across various tech-
nologies as well as for a given technology can be challenging.

In view of the above discussion, 1t should be appreciated
that there 1s a need for methods and/or apparatus which would
facilitate determination and/or assignment of one or more
frequency bands corresponding to unused spectrum to a com-
munications device for wireless communications.

SUMMARY

Methods and apparatus for determining and/or allocating,
one or more frequency bands, e.g., corresponding to unused
TV channels, to a communications device for wireless com-
munications, are described. In different locations and/or at
different times different frequency bands may be available for
allocation. For example, spectrum that may be licensed to a
TV service provider may be available for use by local peer to
peer networks when the service provider decides not to trans-
mit at a particular time or 1n a particular area. As another
example, some spectrum 1n some regions may be currently
unlicensed and available for use for peer to peer networks.
Various described methods and apparatus are well suited for
supporting local peer to peer networks 1n an environment 1n
which a plurality of different technologies are supported. The
allocation of one or more frequency bands may be based on a
number of factors.

In accordance with one aspect of some embodiments, an
exemplary method includes a centralized control device
determining and allocating a frequency band to a communi-
cations device for use at a given location and at a given time,
¢.g., for peer to peer communications using a particular tech-
nology. An exemplary method of allocating a frequency band
for wireless communication, in accordance with some
embodiments, comprises: recerving input mncluding informa-
tion indicating a location of a wireless terminal, accessing,
information from a database including channel usage infor-
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mation on a per frequency band and location basis; and
assigning one of said one or more available frequency bands

to said wireless terminal based on said accessed database
information. In some embodiments, at least some of the avail-
able frequency bands correspond to unused television chan-
nels.

In some embodiments, a control device includes at least
one processor configured to: recerve input including informa-
tion indicating a location of a wireless terminal; access infor-
mation from a database including channel usage information
on a per frequency band and location basis; and assign one of
said one or more available frequency bands to said wireless
terminal based on said accessed database information. The
control device may, and 1n some embodiments does, include
a memory coupled to said at least one processor.

An exemplary method of operating a communications
device, e.g., a wireless terminal, in accordance with some
embodiments, comprises: determining the location of the
wireless terminal; communicating information indicating the
location of a wireless terminal to a control device; and rece1v-
ing information indicating one or more of said available fre-
quency bands to be used by said wireless terminal.

In one exemplary embodiment, a communications device
includes at least one processor configured to: determine the
location of the wireless terminal; communicate information
indicating the location of a wireless terminal to a control
device; and recerve information indicating one or more of said
available frequency bands to be used by said wireless termi-
nal.

While various embodiments have been discussed 1n the
summary above, it should be appreciated that not necessarily
all embodiments include the same features and some of the
teatures described above are not necessary but can be desir-
able 1n some embodiments. Numerous additional features,
embodiments and benefits of various embodiments are dis-
cussed 1n the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates an exemplary communications system, 1n
accordance with various exemplary embodiments.

FIG. 2 1s a flowchart of an exemplary communications
method of allocating a frequency band for wireless commu-
nications 1 accordance with various exemplary embodi-
ments.

FIG. 3 illustrates an exemplary database that can be used 1n
the system of FIG. 1, implemented in accordance with an
exemplary embodiment.

FI1G. 4 1llustrates an exemplary control device which can be
used 1n the system of FIG. 1.

FIG. 5 illustrates an assembly of modules which can be
used 1n the exemplary control device of FIG. 5.

FIG. 6A 1s a first part of a flowchart of an exemplary
method of operating a communications device, e.g., wireless
terminal, 1n accordance with an exemplary embodiment.

FIG. 6B 1s a second part of a flowchart of an exemplary
method of operating a communications device, e.g., wireless
terminal, 1n accordance with an exemplary embodiment.

FIG. 7 illustrates an exemplary communications device,
¢.g., a wireless terminal, which can be used in the system of
FIG. 1.

FIG. 8A illustrates a first portion of an assembly of mod-
ules which can be used in the exemplary communications
device of FIG. 7.

FIG. 8B illustrates a second portion of an assembly of
modules which can be used in the exemplary communications

device of FIG. 7.
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FIG. 9 illustrates an exemplary FCC compliant database,
which may be used in the system of FIG. 1, in accordance
with an exemplary embodiment.

DETAILED DESCRIPTION

FIG. 1 1illustrates an exemplary communications system
100, 1n accordance with various exemplary embodiments.
Exemplary communications system 100 includes a plurality
of communications devices (device A 102, device B 104, 7
device 106, . . ., N” communications device 108). The com-
munications devices 102, 104, 106, 108, are, e.g., wireless
terminals such as mobile terminals, which support peer to
peer communications, €.g., direct peer to peer communica-
tions as part of a local peer to peer network, and support
infrastructure based communications. The infrastructure
based communications may be, €.g., via an access point such
as a base station. The base station may be, and in some
embodiments, 1s part of a cellular communications network.
Some of the wireless communications devices support a plu-
rality of different wireless technologies and/or protocols
which may be used for peer to peer communications. Some of
the wireless communications devices, e.g., device 106,
include a wired interface to other network nodes and/or the
Internet.

Communications system 100 further includes a control
node 110 which 1s coupled to a database 120, e.g., a database
supporting peer to peer air link resource allocation and/or
peer discovery, and to an FCC (Federal Communications
Commission) compliant database 122, as shown in FIG. 1.
The FCC database 122 can be accessed by one or more
devices 1n the communications system 100, ¢.g., via the Inter-
net 118. In some, but not necessarily all, embodiments, one or
more of communications devices (102,104, 106, .. .108) are
implemented as portable communications devices or wireless
terminals such as handheld cell phones or portable personal
data assistant (PDA) devices.

Various wireless communications devices may be operat-
ing 1n different geographic regions at a given point in time. In
this example, each of the geographic regions (geographic
region 1 130, geographic region 2 132, . . . geographic region
N 136) are associated with a corresponding access point
(access point 1 112, access point 2 114, . . ., access point N
116), respectively. The access points (112, 114, . . . 116) are,
¢.g., base stations. Thus, a wireless communications device,
¢.g., a wireless terminal, can communicate with control node
110, via an access point, €.g. using cellular communications
signaling. In addition, 1n various embodiments, within a geo-
graphic region, e.g., within geographic region 1 130, there are
a plurality of smaller regions such as exemplary region 140.
In the smaller region 140 one or more local peer to peer
networks may be operating and a plurality of wireless com-
munications devices may be included within the region 140.
In a region such as region 140, different peer to peer networks
may be, and sometimes are, operating concurrently, e.g.,
using different frequency bands. In a region such as region
140, different peer to peer networks may be, and sometimes
are, operating concurrently, e.g., using different technologies.
In a region such as region 140, 1n some embodiments, two
different peer to peer networks, e.g., using different technolo-
gies, may, and sometimes do, share the same frequency band,
¢.g. with each network being allocated portions of time.

A wireless communications device location may change as
the device moves throughout the system 100. As shown in
FIG. 1, device A 102 1s located 1n geographic region 1 130,
which 1s served by access point 1 112; device B 104 1s located
in geographic region 2 132, which 1s served by access point 2
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114; and N” device 108 is located in geographic region N
136, which 1s served by access point N 116. The access points
112, 114, 116 include a wireless interface supporting a cel-
lular based signaling protocol and a wired intertace providing
coupling to a backhaul network. The access points in different
regions provide access to the Internet and/or other network
nodes via, e.g., a wired or fiber network connection. It should
be appreciated that the control node 110 may be i1mple-
mented, 1n at least some embodiments, 1n a way that 1t can
serve a plurality of access points 1n different regions. Various
access points, 1n some embodiments, a coupled via a back-
haul link, with control node 110 for exchanging information.

In accordance with one aspect of some embodiments, one
or more frequency bands, e.g., corresponding to TV channels,
may be, and sometimes are, available for use by communica-
tions devices at various locations for communications pur-
poses, €.g., for peer to peer communications, €.g., as part of a
local peer to peer network. At some locations in the commu-
nications system 100 at a grven time the same frequency band
or bands may be available for use for peer to peer communi-
cations. At some locations in the communications system 100
at a given time a different frequency band or bands may be
available for use for peer to peer communications. The dotted
circles (140, 142 and 144) around the communications
devices (102, 104 and 108) illustrate a small region, e.g., with
a radius of 10-15 meters 1n one example, where the respective
devices happen to be located at one exemplary time. It should
be appreciated that each of the geographic regions (130,
132, . . ., 136) includes a plurality of smaller designated
regions. Smaller regions (140, 142, 144) are much smaller in
s1ze compared to their corresponding larger size geographic
regions (130, 132, 136), which area coverage areas of each of
the access points (112, 114 and 116), respectively.

The communications devices (102, 104, 108) may be
assigned, e.g., by control node 110, one or more frequency
bands, which may be currently available in the respective
regions (140, 142, 144) where the devices are located, for use
in peer to peer communications. In some embodiments vari-
ous communications devices, e.g., communications devices
102, 104 106, and 108 perform channel sensing in order to
detect available frequency bands and/or determine channel
conditions, e.g., interference levels, etc. In one such example
the channel sensing 1s performed by devices 102, 104, 108 in
the area represented by the dotted circles 140, 142 and 144 to
detect available frequency bands which can be used for peer
to peer communications. In some embodiments, a wireless
communications device, e.g., device A 102, detects for the
presence ol signaling which has priority over peer to peer
signaling 1n accordance with FCC rules and/or regulations,
e.g., 1V signaling and/or wireless microphone signaling.

In various embodiments, a wireless communications
device, which desires to participate in a local peer to peer
network, reports detected sensing imnformation to a control
node. In some such embodiments, the control node, uses the
information from the received information from the wireless
communications along with FCC database information, in
deciding which channel to allocate to the wireless communi-
cations device for peer to peer communications. Thus, 1n
various embodiments, control node 110 controls and coordi-
nates peer to peer channel allocation throughout system 100,
¢.g., assigning particular wireless communications devices to
particular frequency bands and/or particular technologies
and/or communications protocols to use for peer to peer com-
munications at a location and time.

In some embodiments, communications device (102, 104,
106, .. .,108)may operate as end nodes and may support one
or more communications technologies, e.g., a wireless com-
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munications technology such as, e.g., CDMA, GSM, Blue-
tooth, WiF1, other OFDM based technologies, etc., for com-
munication purposes. In various embodiments, at least some
ol these communications technologies support local peer to
peer network signaling. Different devices may support ditler-
ent sets of communications technologies and/or communica-
tions protocols. Some communications devices in the system
100, e.g., I”” communications device 106 may have a connec-
tion, e.g., a wired or fiber network connection, to other nodes
and/or the Internet and can provide such connectivity and/or
access to other devices and databases. However, such a con-
nection 1s optional.

FIG. 2 1s a flowchart 200 1llustrating an exemplary com-
munications method of allocating a frequency band for wire-
less communications in accordance with an exemplary
embodiment. In some embodiments the exemplary commu-
nications method 1s implemented by a control node, e.g.,
control node 110 of communications system 100 of FIG. 1.
The method of flowchart 200 will be described using exem-
plary control node 110 and exemplary device A 102, e.g., a
mobile wireless terminal, of FIG. 1. In the exemplary method
of flowchart 200, control node 110 assigns one or more fre-
quency bands corresponding to white space, e.g., unused TV
channels, to device A 102, e.g., a mobile wireless terminal.

Operation of the exemplary method starts 1n step 202,
where the control node 1s powered on and mitialized. Opera-
tion proceeds from start step 202 to step 204. In some embodi-
ments, operation also proceeds from start step 202 to one or

more of optional steps 205, 206, 207 and 208.

Returning to step 204, in step 204, the control node
receives input including information indicating a location of
a wireless terminal and, optionally, information 1dentifying
one or more available frequency bands. In some embodi-
ments, the available frequency bands are frequency bands
which are available to be used for peer to peer signaling. In
some embodiments, the available frequency bands corre-
spond to TV channels, e.g., unused TV channels at a particu-
lar location.

In some embodiments, said mput including information
indicating a location of a wireless terminal 1s received from

the wireless terminal. For example, in some embodiments, a
wireless terminal may include a GPS recerver and communi-
cates 1ts location. In some embodiments, said information
including information indicating a location of a wireless ter-
minal 1s received from an access point, €.g., a base station,
which tracks the location of wireless terminals within its
coverage area, €.g., based on received power measurements
and/or other location determination techniques. In some
embodiments, the mnput including a location of the wireless
terminal 1s recerved from a location tracking node, e.g., a
server dedicated to tracking device locations 1n the system.
In various embodiments, the information 1dentifying one
or more available frequency bands 1s based on channel infor-
mation sensed by the wireless terminal. For example, the
wireless terminal may identily one or more frequency bands
that may be used for peer to peer communications from its
perspective based on: retrieved FCC information of unli-
censed and/or unused spectrum, local sensing of active TV
channels, local sensing of communications which have pre-
cedence over peer to peer communications 1n accordance
with FCC rules and/or regulations such as, e.g., wireless
microphone communications, and/or local sensing of active
peer to peer communications. In various embodiments, the
wireless terminal senses and/or measures, a fraction of time a
frequency band at 1ts location 1s being used for peer to peer
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communications and/or for other communications, e.g., for
one or more frequency bands. Operation proceeds from step
204 to step 210.

Returning to step 205, in step 205, the control node
receives information indicating an amount of interference
sensed for one or more of the frequency bands under consid-
eration for use by the wireless terminal. In various embodi-
ments, the wireless terminal performs the sensing and com-
municates the sensing results to the control node, e.g., via an
access node. Operation proceeds from step 205 to step 210.

Returning to step 206, i step 206, the control node
receives information indicating the sensed fraction of time a
frequency band 1s used at the wireless terminal location, for
one or more frequency bands under consideration for use by
the wireless terminal. In various embodiments, the wireless
terminal performs the sensing and communicates its results to
the control node, ¢.g. via an access node. Operation proceeds
from step 206 to step 210.

Returning to step 207, 1n step 207 the control node recerves
information 1dentifying peer communications devices of
interest. For example, the wireless terminal, in some embodi-
ments, generates a list 1dentifying peer communications
devices of interest to the wireless terminal and sends the
generated list to the control node, e.g. via an access point.
Operation proceeds from step 207 to step 210.

Returning to step 208, in step 208 the control node receives
information indicating the technologies supported by the
wireless terminal. In some embodiments, the information
indicating the technologies supported by the wireless termi-
nal 1s recerved from the wireless terminal, e.g., recerved 1ndi-
rectly through an access point. Operation proceeds from step

208 to step 210.
In FIG. 2 steps 204, 205, 206, 207 and 208 are shown as

being 1n parallel. In various embodiments, one or more of
steps 204, 205, 206, 207 and 208 are performed 1n series.

Various parallel/series combinations of steps are also pos-
sible.

In step 210 the control node accesses mformation from a
database including channel information on a per frequency
band and location basis. In some embodiments, the accessed
information indicates channel usage information. In some
such embodiments, the accessed information further indi-
cates at least one of: interference detected at the wireless
terminal location and a fraction of time a frequency band 1s
used at the wireless terminal. In some such embodiments, the
accessed 1nformation indicates the fraction of time a fre-
quency band 1s used at the wireless terminal on a per technol-
ogy basis. In various embodiments, the channel usage infor-
mation includes information indicating the number of devices
currently using a frequency band at the wireless terminal
location. In some embodiments, the number of devices cur-
rently using a frequency band includes per technology device
number information.

Operation proceeds from step 210 to step 212. In step 212
the control node assigns one or more available frequency
bands to said wireless terminal based on said accessed data-
base information. In various embodiments, step 212 includes
one or more of steps 214, 216 and 218. In step 214 the control
node generates a band-technology performance metric as a
function of said accessed database information for each of a
plurality of communications technologies which can be sup-
ported by said wireless terminal. Then, 1n said 216 the control
node limits the frequency bands under consideration for
assignment to frequency bands corresponding to frequency
band-technology combinations used by a peer device of inter-
est when a peer device of interest 1s known to be in the vicinity
of the wireless terminal location. Operation proceeds from
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step 216 to step 218, 1n which the control node assigns the
frequency band having the highest determined band-technol-
ogy performance metric. Operation proceeds from step 212 to
step 220.

In step 220 the control node communicates information to
the wireless terminal. Step 220 includes step 222, and 1n some
embodiments, step 220 includes one or more of steps 224,226
and 228. In step 222 the control node communicates infor-
mation indicating the assigned one of the one or more avail-
able frequency bands. In step 224 the control node commu-
nicates the communications technology to be used when
communicating in the assigned frequency band having the
highest determined band-technology performance metric. In
step 226 the control node communicates to said wireless
terminal information including a list of peer devices of inter-
est which are in the vicinity of the wireless terminal and
optionally information indicating frequency bands being
used by the peer devices 1n said list of peer devices of interest.
In step 228 the control node communicates which communi-
cations technology or communications technologies are
being used by individual peer devices of mterest when com-
municating 1n an indicated frequency band.

Operation proceeds from step 220 to step 230 1n which the
control node updates database statistics. Then, operation pro-
ceeds from step 230 to the input of step 204, and optionally to
the input of step 206 and/or step 208.

Flowchart 200 of FIG. 2 1s described with regard to fre-
quency band assignment for a wireless terminal, e.g., device
A 102, by control node 110 of FIG. 1. However, 1t should be
appreciated that the control node 110 controls assignments
for a plurality of wireless terminals, and thus the steps of
flowchart 200 are repeated by the control node 110 corre-
sponding to each of the plurality of wireless terminals for
which frequency band assignment, e.g., for peer to peer use,
are being performed.

FIG. 3 illustrates an exemplary database 300 that may be
accessed by one or more communications devices and/or
nodes of system 100 of FIG. 1. The database 300 can be
implemented as the exemplary database 120 of FIG. 1. In
some embodiments database 300 1s implemented as a cen-
tralized database used 1n coordinating usage of the frequency
bands, e.g., corresponding to TV channels, which have been
made available for use by the FCC. In various embodiments
the database 300 1s managed and/or controlled by the control
node 110 shown in FIG. 1. The database 300 includes channel
information on a per frequency band and location basis and 1s
accessed by the control node 110 to, among other things,
make frequency band assignment decisions, for assignment
of one or more frequency bands to a communications device,
¢.g., wireless terminal 102. Information maintained 1n data-
base 300 i1s recerved from one or more communications
devices, e.g., wireless terminals operating at various locations
and/or based upon information recerved from one or more
communications devices, e.g., wireless terminals operating at
various locations. In some embodiments, at least some infor-
mation included 1n database 300 1s obtained from and/or
based on information obtained from an FCC compliant data-
base, e.g., FCC compliant database 122 of FIG. 1. The data-
base 300 may, and 1n various embodiments 1s, updated on a
periodic basis. In some embodiments the channel statistics
are updated in the database 300 each time a new channel
assignment 1s made.

As 1llustrated 1n FIG. 3, the database 300 includes infor-
mation on a per frequency band basis for each of the locations
where frequency bands, e.g. corresponding to TV channels,
are available for use by communications devices. In one
embodiment shown 1n FIG. 3, database 300 includes infor-
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mation for N locations for which the frequency band infor-
mation 1s available. In this example, each location 1includes
information corresponding to total number of, e.g., say X,
frequency bands, which correspond to the TV channels which
may be assigned for wireless communications depending on
availability at the given location and time, and one or more
other factors. Thus sets of information for each location (in-

formation for location 1 302, . . ., information for location N
316) are included 1n the database 300.

Information for location 1 302 includes different sets of
information corresponding to each of the frequency bands
from 1 to X which may be available at location 1 (frequency
band 1 information 303, .. ., frequency band X information
314). For each other location up to location N, similar infor-
mation 1s available, for example mformation for location N
316 also includes similar information for frequency bands
that may be available at location N including frequency band
1 mformation 318 through frequency band X information
320.

Frequency band 1 information 303 for location 1 includes
a plurality of sets of information corresponding to the fre-
quency band 1/location 1 combination, including band avail-
ability information 304, device number information 306, peer
devices 1dentification information 308, interference level
sensed for band 1 310, and information regarding fraction of
time band 1 remained unused 312. Each of these sets of
information for band 1 will be discussed here and 1t 1s under-
stood that similar information for various other frequency
bands at location 1 may be available.

Band availability information 304 includes information
regarding the availability of the frequency band and, in some
embodiments, includes corresponding time information. In
some embodiments, the time information includes a time
stamp, €.g., a time stamp 1ndicating the last time availability
information was updated, e.g., Jan. 24, 2010 12:30 PM. In
some embodiments, the time information includes an expira-
tion time. In some embodiments, the time information
includes a range of time. The band availability information
304 stored 1in database 300, 1n some embodiments, 1s obtained
from an FCC compliant database, e.g., database 122, which
maintains such information regarding various Irequency
bands which may be available at various locations. Prior to
making frequency band assignment decision, the control
node 110 accesses database 300 and considers the band avail-
ability information, €.g., band availability information 304, 1n
making assignment decisions.

Device number mnformation 306 includes information such
as the total number of communications devices, e.g., peer to
peer communications devices, using band 1 1n location 1 at a
given time. Information 306, in some embodiments, is
updated regularly. Information 306 also includes information
regarding frequency band usage by communications devices
on per technology basis, e.g., number of communications
devices using band 1 and communications technology 1,
number of devices using band 1 and communications tech-
nology 2, .. ., number of devices using band 1 and commu-
nications technology K. By accessing information 306 the
control node 110 gets an 1dea as to how congested the ire-
quency band 1s when the frequency band 1s indicated as being
available, and using information 306 the control node 110
may analyze which communications technology combina-
tion may be more eflective for a communications device 1t
frequency band 1 1s assigned to it. Thus control node 110 may
make a frequency band assignment decision, at least 1 part,
alter considering information 306.

Peer device 1dentification information 308, includes iden-
tification information regarding peer devices which are using,
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frequency band 1, on a per technology basis along with cor-
responding validity times. Information set 308 includes info
identifying peer devices using technology 1 mm band 1, . . .,
information identifying peer devices using technology K 1n
band 1. For example, information i1dentifying peer devices
using technology 1 in band 1 may list identification informa-
tion corresponding to 6 peer devices along with a validity time
for each device that indicates a time for which a device has
been granted to use frequency band 1.

Information 310 1s the information regarding the interfer-
ence level sensed for frequency band 1. The sensed interfer-
ence level information may be received from one or more
communications devices operating at location 1 which per-
form channel sensing operation and report the interference to
the control node 110. The control node 110 1n turn updates the
stored 1nterference information 1n database 300. In some
embodiments interference information 310 1s calculated as
the summation of each of the individual sensed interference
reports recerved from one or more communications devices
operating at location 1.

Information set 312 1s the information regarding the time
frequency band 1 (or a portion of band 1) remains unused. As
discussed earlier, individual communications devices per-
torm channel sensing operation at different locations and may
notice the time period for which the channel remains unused
and report 1t. In some embodiments information 312 1s cal-
culated based on each of the individual reported fraction of
times the frequency band remains unused, received from one
or more communications devices operating at location 1. In
some embodiments, mformation 312 represents loading on
the channel. It should be appreciated that various sets of
information similar to the sets of information 304, 306, 308,
310 and 312 described with regards to frequency band 1
information 302, are maintained for each individual fre-
quency band and for each of the N locations.

FI1G. 4 1llustrates an exemplary control device 400 1mple-
mented in accordance with one exemplary embodiment. Con-
trol device 400 1s, e.g., control node 110 as shown 1n FIG. 1.
Control device 400 may, and 1n some embodiments does
implement the steps of the method of flowchart 200 shown 1n
FIG. 2. Control device 400 includes a processor 402 and
memory 404 coupled together via a bus 409 over which the
various elements (402, 404) may exchange data and informa-
tion. Input module 406 can recerve input signals. Input mod-
ule 406 can, and 1n some embodiments does, include a wire-
less receiver and/or a wired or optical mput interface for
receiving input. Output module 408 may include, and 1n some
embodiments does i1nclude, a wireless transmitter and/or a
wired or optical output interface for transmitting output sig-
nals.

Processor 402, 1n some embodiments, 1s configured to:
receive input including information indicating a location of a
wireless terminal; access information from a database includ-
ing channel information on a per frequency band and location
basis; and assign one of said one or more available frequency
bands to the wireless terminal based on said accessed data-
base information. In some embodiments, processor 402 1s
turther configured to receive information 1dentifying one or
more available frequency bands as part of being configured to
receive mput. Processor 402 1s further configured to commu-
nicate the assigned one of said one or more available fre-
quency bands to said wireless terminal.

In some embodiments the input including information
indicating a location of a wireless terminal 1s received from
said wireless terminal. In some embodiments the information
identifying one or more available frequency bands 1s based on
channel information sensed by said wireless terminal. In
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some embodiments, the accessed information indicates chan-
nel usage information. In some embodiments the accessed
information further indicates at least one of: interference
detected at the wireless terminal location and a fraction of
time the frequency band i1s used at the wireless terminal
location. In various embodiments, the accessed information
indicates the fraction of time a frequency band 1s used at the
wireless terminal location on a per technology basis. In some
embodiments, the channel usage information includes infor-
mation indicating the number of devices currently using a
frequency band at the wireless terminal location. In some
such embodiments, the number of devices currently using the
frequency band includes per technology device number infor-
mation.

The processor 402, in some embodiments, 1s further con-
figured to receive information indicating the technologies
supported by said wireless terminal. In some embodiments,
the information indicating the technologies supported by the
wireless terminal 1s recerved from the wireless terminal, e.g.,
indirectly through an access point. Processor 402, in some
embodiment, 1s further configured to generate a band-tech-
nology performance metric as a function of said accessed
database information for each of a plurality of communica-
tions technologies which can be supported by said wireless
terminal. In some embodiments processor 402 1s configured
to assign the frequency band having the highest determined
band-technology performance metric to the wireless termi-
nal, e.g., to use for peer to peer communications. The proces-
sor 402, 1n some embodiments, 1s further configured to com-
municate a communications technology to be used when
communicating in the assigned frequency band having the
highest determined band-technology performance metric.

In some embodiments the processor 402 1s configured to
receive mmformation from the wireless terminal identifying
peer communications devices of interest. In some such
embodiments the processor 402 1s further configured to limat
the frequency bands under consideration for assignment to
frequency bands corresponding to frequency band-technol-
ogy combinations used by a peer device of interest when a
peer device of interest 1s known to be in the vicimity of the
wireless terminal location, as part of being configured to
assign one or more available frequency bands.

In some embodiments the processor 402 1s configured to
communicate to the wireless terminal, information including
a list of peer communications devices of interest which are 1n
the vicinity of said wireless terminal and indicating frequency
bands being used by the peer communications devices 1n said
list of peer communications devices of interest. In some
embodiments the processor 402 1s configured to communi-
cate which communications technology or communications
technologies are being used by 1individual peer communica-
tions devices of interest when communicating 1n an indicated
frequency band.

FIG. § 1s an assembly of modules 500 which can, and 1n
some embodiments are, used in control node 400, 1llustrated
in FIG. 4. The modules 1n the assembly 500 can be imple-
mented 1n hardware within the processor 402 of FIG. 4, e.g.,
as individual circuits. Alternatively, the modules may be
implemented in software and stored in the memory 404 of the
control device 400 shown 1n FIG. 4. While shown 1n the FIG.
4 embodiment as a single processor, e.g., computer, 1t should
be appreciated that the processor 402 may be implemented as
One or more processors, e.g., computers.

When implemented 1n software the modules include code,
which when executed by the processor 402, configure the
processor to implement the function corresponding to the
module. In embodiments where the assembly of modules 500
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1s stored 1n the memory 404, the memory 404 1s a computer
program product comprising a computer readable medium
comprising code, ¢.g., individual code for each module, for
causing at least one computer, e.g., processor 402, to imple-
ment the Tunctions to which the modules correspond.

Completely hardware based or completely software based
modules may be used. However, 1t should be appreciated that
any combination of software and hardware, e.g., circuit
implemented modules may be used to implement the func-
tions. As should be appreciated, the modules 1llustrated in
FIG. 5 control and/or configure the control device 400 or
clements therein such as the processor 402, to perform the
functions of the corresponding steps 1llustrated in the method
flowchart 200 of FIG. 2.

The assembly of modules 500 includes a module corre-
sponding to each step of the method shown in FIG. 2. The
module 1n FIG. 5 which performs or controls the processor
402 to perform a corresponding step shown 1n flowchart 200
1s 1dentified with a number beginning with a 5 instead of
beginning with 2. For example module 504 corresponds to
step 204 and 1s responsible for performing the operation
described with regard to step 204. As 1llustrated in FIG. 5, the
assembly of modules 500 includes amodule 504 for receiving
input including information indicating location of a wireless
terminal and, optionally, information identifying one or more
available frequency bands. In some embodiments, assembly
of modules 500 further includes one or more of: module 505
for receiving information indicating an amount of interfer-
ence sensed for one or more of the frequency bands under
consideration for use by the wireless terminal, a module 506
for recerving information indicated the sensed fraction of
time a frequency band 1s used at the wireless terminal loca-
tion, for one or more of the frequency bands under consider-
ation for use by the wireless terminal, a module 507 for
receiving 1nformation identifying peer communications
devices of interest and a module 508 for receiving informa-
tion indicating the technologies supported by the wireless
terminal.

The assembly of modules 500 further includes a module
510 for accessing information from a database including
channel information on a per frequency band and location
basis, and a module 512 for assigning one of the one or more
available frequency bands to the wireless terminal based on
said accessed database information. The assignment module
512, 1n some embodiments includes one or more of: a module
514 for generating a band-technology performance metric as
a function of said accessed database information for each of a
plurality of communications technologies which can be sup-
ported by the wireless terminal, module 516 for limiting the
frequency bands under consideration for assignment, to fre-
quency bands corresponding to frequency band-technology
combinations used by a peer device of interest, when a peer
device of interest 1s known to be 1n the vicinity of the wireless
terminal location, and a module 518 for assigning the fre-
quency band having the highest determined band-technology
performance metric to the wireless terminal, e.g., to use for
peer to peer communications.

The assembly of modules 500 further includes a module
520 for communicating information to the wireless terminal
and a module 530 for updating database statistics, e.g., for
updating various sets of information 1n database 300. Module
502 includes a module 522 for communicating the assigned
one ol the one or more available frequency bands to the
wireless terminal. In some embodiments, module 520
includes one or more of: a module 524 for communicating the
communications technology to be used when communicating
in the assigned frequency band having the highest determined
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band-technology performance metric, a module 526 for com-
municating, to said wireless terminal, information including a
list of peer devices of interest which are 1n the vicinity of said
wireless terminal and indicating frequency bands being used
by the peer devices of mterest 1n said list of peer devices of
interest, and a module 528 for communicating which com-
munications technology or communications technologies are
being used by individual peer devices of mterest when com-
municating 1n an mdicated frequency band.

In some embodiments, the input including information
indicating a location of a wireless terminal 1s received from
the wireless terminal, ¢.g., indirectly through an access point.
In various embodiments, the accessed information indicates
channel usage information. In some embodiments, the
accessed information further indicates at least one of; inter-
terence detected at the wireless terminal location and a frac-
tion of time the frequency band 1s used at the wireless termi-
nal location. In some embodiments, the accessed information
indicates the fraction of time the frequency band 1s used at the
wireless terminal location on a per technology basis. In vari-
ous embodiments, the channel usage information includes
information indicating a number of devices currently using a
frequency band at the wireless terminal location. In some
such embodiments, the number of devices currently using the
frequency band includes per technology device number infor-
mation.

In some embodiments, the recerved information indicating
the technologies supported by the wireless terminal 1s
received from the wireless terminal, e.g., indirectly through
an access point.

FIG. 6 15 a flowchart 600 1llustrating the steps of an exem-
plary communications method of operating a wireless termi-
nal, 1n accordance with one exemplary embodiment. In some
embodiments the exemplary method 1s implemented by the
communications device 102, e.g., a mobile portable wireless
terminal, ol communications system 100, shown in FIG. 1. In
accordance with one aspect various frequency bands, e.g.,
corresponding to unused TV channels, are available for wire-
less communications, e.g., are available for wireless peer to
peer communications.

The exemplary method starts 1n step 602 where the wire-
less terminal, e.g., device 102, 1s powered on and 1mitialized.
Operation proceeds from the start step 602 to step 604 where
the wireless terminal determines its location. The wireless
terminal, 1n some embodiments, includes a GPS receiver
capable of receiving GPS signals and determines 1ts location
based onrecerved GPS signals. Based on 1ts determined loca-
tion, a wireless terminal may fall within one of the locations
for which frequency band related information 1s maintained,
¢.g., location 140. In some embodiments, operation proceeds
from step 604 to step 606. In some other embodiments, opera-
tion proceeds from step 604 to step 607. In some embodi-
ments, operation proceeds from step 604 to step 618.

Returning to step 604, in step 604 the wireless terminal
requests information from a database, ¢.g., through an access
point, said requested information indicating one or more ire-
quency bands which may be available for use at the wireless
terminal location. This information regarding the availability
of frequency bands corresponding to available spectrum, e.g.,
corresponding to unused TV channels, at a given location, 1n
some embodiments, 1s maintained 1n an FCC compliant data-
base, e.g., database 122. In some embodiments step 606
includes step 608 1n which the wireless terminal communi-
cates 1ts current location to the database, e.g., to FCC com-
pliant database 122.

Operation proceeds from 606 to step 610. In step 610 the
wireless terminal obtains information indicating one or more




US 8,571,566 B2

13

frequency bands which may be available at the wireless ter-
minal location, from the database. In some embodiments this
information 1s recerved via an access point, €.g., access point
112, which serves the area where the wireless terminal 1s
currently located. Operation proceeds from step 610 to step
612.

Returming to step 607, 1n step 607 the wireless terminal
accesses stored information, which includes lists of fre-
quency bands which may be available for each of a plurality
of locations, to obtain one or more frequency bands which
may be available for use by the wireless terminal at 1ts current
location. In some embodiments, the stored information has
been previously stored within the wireless terminal, e.g., as
part of a download corresponding to one or more locations
and/or as part of a pre-load. In some embodiments, the wire-
less terminal determines 1f its determined location from step
604 falls within one of the site locations for which one or
more Irequency bands may be available. For example, the
wireless terminal may determine that 1ts current location falls
within the region of site location 140, and then the wireless
terminal accesses information corresponding to location 140
which includes a list of frequency bands which may be avail-
able at location 140. Operation proceeds from step 607 to step
612.

In step 612 the wireless terminal performs a channel sens-
ing operation at the wireless terminal location to detect sig-
nals 1n one or more frequency bands under consideration for
use by the wireless terminal. The one or more frequency
bands under consideration could be the full set of the fre-
quency bands which may be available at the location as indi-
cated by the information received, e.g., i step 610 or step
607, or a subset of the frequency bands indicated in the
received mformation. Channel sensing allows the wireless
terminal 102 to determine the frequency bands which are
actually available as compared to those frequency bands
which may be available. For example, some spectrum, e.g.,
bands, which may be potentially available for peer to peer
signaling use, e.g., based on FCC information identifying
unused TV channels at a location, may be at times unavailable
for peer to peer signaling usage, due to higher priority signal-
ing, e.g., in accordance with FCC rules and/or regulations.
For example, some wireless microphone signaling may have
priority over peer to peer local network signaling. For
example, the wireless terminal performs channel sensing and
examines each frequency band to detect signals. One or more
frequency bands on which no signals above, e.g., a threshold,
are detected may be considered as being available for use at
the wireless terminal location. I the signals detected on a
frequency band are above the threshold, it may be considered
as being already occupied. If the detected signals above a
threshold on a band correspond to a category which has
priority over peer to peer signaling in accordance with FCC
rules and/or regulations, e.g., wireless microphone signaling,
the band may be considered unavailable. I the detected sig-
nals above a threshold correspond to peer to peer signaling, in
some embodiments, the wireless terminal senses the type of
peer to peer signaling, e.g., technology and/or protocol being
used, and/or senses the fraction of time the band 1s being used
for the particular type of peer to peer signaling. In some
embodiments, the wireless terminal senses an amount of
interference on a band. In some embodiments, the wireless
terminal senses a fraction of time the band 1s being used, e.g.,
being used for peer to peer signaling.

In some embodiments as part of performing channel sens-
ing 1n step 612, step 614 1s performed wherein the wireless
terminal performs sensing 1n at least one of one or more
frequency bands under consideration for use, to sense at least
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one of 1) interference at the wireless terminal location, and 11)
a fraction of time the at least one frequency band 1s used at the
wireless terminal location. Thus, in some embodiments, the
wireless terminal may, and sometimes does, perform interter-
ence estimation on at least one frequency band. In some
embodiments, the wireless terminal determines the fraction

of time the frequency band 1s used at the wireless terminal
location, e.g., for peer to peer signaling.

Operation proceeds from step 612 to step 616. In step 616
the wireless terminal uses the sensed information from step
612 to identily frequency bands that are unavailable for use by
the wireless terminal, e.g., for peer to peer signaling. For
example, one frequency band on the list ol possible frequency
bands obtained from step 610 or step 607 may be removed
from consideration because a signal was detected, e.g., wire-
less microphone signaling was detected, which has priority
over peer to peer signaling usage for the spectrum 1n accor-
dance with FCC rules and/or regulations. As another
example, another band may be removed from consideration
because the band 1s being fully or nearly fully utilized for peer
to peer signaling using a technology which 1s not supported
by the wireless terminal. Operation proceeds from step 616 to
step 617.

In step 617 the wireless terminal identifies one or more
available frequency bands from the wireless terminal’s per-
spective. For example, the wireless terminal, in step 616 takes
a list of one of more frequency bands which may be available
based on FCC information, which was obtained in step 610 or
step 607, and removes bands which have been 1dentified 1n
step 616. Thus, the set of one or more available bands of step
617 may include the full set of bands from step 610 or 607, 1n
the situation 1n which step 617 did not identily any bands that
were unavailable. Alternatively, the set of one or more avail-
able bands of step 617 includes a subset of the full set of bands
from step 610 or step 607, in the case where one or more
bands were determined to be unavailable in step 616. Opera-
tion proceeds from step 617 to step 618.

In step 618 the wireless terminal communicates device
information and/or other information to a control device, e.g.,
to control node 110. Step 618 includes step 620. In some
embodiments step 618 includes one or more of the steps 622,
624, 626 and 628. Steps 622, 624, 626 and 628 are optional
steps and thus one of more of steps 622, 624, 626 and 628 may
be performed 1n some embodiments while skipped 1n others.
Although shown as different steps, 1t should be appreciated
that 1n some embodiments the communicated information,
corresponding to one or more ol steps 620, 622, 624, 626
and/or 628, may be communicated 1n a single message from
the wireless terminal to the control node. In step 620 the
wireless terminal communicates information indicating the
location of the wireless terminal and, optionally, information
identifying one or more available frequency bands, to the
control node, e.g., information from step 604 and, optionally,
information from step 617. In step 622, information indicat-
ing an amount of interference sensed for one of the frequency
bands under consideration for use by the wireless terminal 1s
communicated to the control node, e.g., information from
step 614. In some embodiments, the control node, e.g. control
node 110, manages database 120, which may be database 300
of FIG. 3, and controls the storage of various sets of informa-
tion received from various communications devices, e.g.,
wireless terminals, in the system 100. Thus the control node
recerves information such as the location information, sensed
available frequency bands, sensed interference etc., from the
wireless terminal and stores and/or updates the information in

the database, e.g., database 120 of FIG. 1.




US 8,571,566 B2

15

In step 624 the wireless terminal communicates informa-
tion indicating the sensed fraction of time the frequency band
1s used at the wireless terminal location, for one or more of
said frequency bands under consideration for use by the wire-
less terminal. Thus 1n step 624 the sensed frequency band
usage time, €.g., based on the sensing of step 614, 1s commu-
nicated to the control node. In some embodiments the com-
municated information in step 624 also indicates the fraction
of time said one of said frequency bands 1s used at the wireless
terminal locations on a per technology basis.

In step 626 the wireless terminal communicates informa-
tion indicating the technologies supported by the wireless
terminal to the control node. In step 628 the wireless terminal
communicates mformation identifying peer communications
devices which are of interest to the wireless terminal, to the
control node. The wireless terminal may communicate, e.g.,
an 1dentifier of a device of interest, an i1dentifier of a user of
interest, an application of interest and/or service of interest, to
the control node. In some embodiments, at times, at least one
of said one or more of said available frequency bands to be
used by the wireless terminal 1s a frequency band that corre-
sponds to a frequency band-technology combination used by
a peer device of interest, when a peer device of interest 1s
known to be 1n the vicinity of the wireless terminal location.
In some embodiments the control node performs the function
of a discovery server. In one example, the control node moni-
tors the discovery signals advertised by various communica-
tions devices 1n the system, e.g., system 100, and notifies the
wireless terminal when a device of interest 1s 1n the vicimity of
the wireless terminal. Thus, the information communicated to
the control node 1n step 628, 1n some embodiments, enables,
the control node to match up peer devices which have a
common 1nterest which happen to be 1n the same local region.

Operation proceeds from step 618 to step 632 via connect-
ing node A 630. In step 632 the wireless terminal receives
information from the control device, e.g., control node. Step
632 includes step 634, and 1n some embodiments step 632
includes one or more of optional steps 636 and 638. Although
shown as different steps, it should be appreciated that the
information recetved 1n one or more of steps 634, 636 and 638
may be received 1n a single message 1 some embodiments.

In step 634 the wireless terminal recerves information indi-
cating one or more of said available frequency bands to be
used by the wireless terminal. In some embodiments, the
wireless terminal receives, along with the information indi-
cating one or more of the available frequency bands to be used
by the wireless terminal, an indication of the time frequency
band availability remains valid. For example, the control node
110 informs the wireless terminal 102 what frequency band or
bands the wireless terminal 1s to use for communicating with
other communications peer communications devices. In
some embodiments the information indicating the frequency
band to be used 1s received, e.g., 1n an assignment message
from the control device. In some embodiments, a received
validity time 1ndicates a period of time for which the wireless
terminal may use the assigned frequency band. For example,
the control node 110 accesses the FCC compliant database
122 and finds information indicating a time period for which
one or more Irequency bands corresponding to TV channels
are being made available for use by communications devices
at a location, however after the indicated time period, the
frequency band may be put in use again for TV broadcast and
thus may no longer remain available for use by the commu-
nications devices. Accordingly, 1n some embodiments the
control node 110 indicates such availability time period asso-
ciated with a frequency band which 1s assigned to the wireless
terminal 102, e.g., as part of an assignment message.
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In step 636 the wireless terminal receives information indi-
cating a communications technology to be used when com-
municating in an individual one of said one or more of said
available frequency bands to be used by the wireless terminal.
The control node 110 in some embodiments evaluates which
frequency band-commumnications technology combination
would result 1n an acceptable, e.g., best, communications
quality and/or acceptable, e.g., highest, throughput of data for
the wireless terminal, and indicates the communications tech-
nology that should be used when communicating using an
assigned individual frequency band from said one or more of
said available frequency bands. In some embodiments, the
control device may assign a wireless terminal a frequency
band to use which 1s beneficial from an overall system per-
spective, but may not be optimal from the particular wireless
terminal’s perspective.

In step 638 the wireless terminal receives information
including a list of peer communications devices of interest
which are 1n the vicinity of the wireless terminal, and 1nfor-
mation indicating the frequency bands being used by the peer
communications device of interest 1n said list of peer com-
munications devices of interest. In some embodiments the
information regarding the peer communications devices of
interest which are in the vicinity, may be 1n response to a
request for search and discovery of communications devices
of 1nterest, from the wireless terminal to the control node,
¢.g., a response to information communicated 1n step 628.
Using the information recerved in step 638, the wireless ter-
minal may, and sometimes does, choose a device of interest to
communicate with. In some embodiments the received infor-
mation further includes mformation indicating a communi-
cations technology or commumnications technologies being
used by individual peer communications devices of interest
when communicating 1n an indicated frequency band.

Operation proceeds from step 632 to step 640. In step 640
the wireless terminal 102, having been assigned one or more
frequency bands for communications, transmits and/or
receives information using the assigned frequency band and/
or bands, and one or more technologies specified by the
control device. For example, 1n step 640 the wireless terminal
transmits and recerves direct peer to peer signals using an
assigned Irequency band using a specified technology, as part
of participating in a local peer to peer network.

Operation proceeds from step 640 to step 604, via connect-
ing node B 642. In different locations and/or at different times
different bands may be available and/or different technolo-
gies may be supported for peer to peer signaling. At a different
location, e.g., outside 1ts current local area, e.g., location 140,
the wireless terminal repeats the method of flowchart 600. In
some embodiments, the assignment of a band to use at a
particular location 1s valid for a indicated time, and the wire-
less terminal repeats steps of tlowchart 600, e.g., to continue
peer to peer communications. In some embodiments, the
wireless terminal indicates to the control node a preferred
frequency band and/or technology that 1t would like to con-
tinue using.

FIG. 7 illustrates an exemplary wireless terminal 700
implemented 1n accordance with one exemplary embodi-
ment. Wireless terminal 700 may be, and in at least one
embodiment 1s, a mobile wireless terminal supporting peer to
peer communications and implementing a method 1n accor-
dance with flowchart 600 of FIG. 6. The wireless terminal 700
may be used, e.g., the communications device 102 of FIG. 1.
Wireless terminal 700 includes a processor 702 and memory
704 coupled together via a bus 709 over which the various
clements (702, 704) may exchange data and information.
Input module 706 can recerve input signals. Input module 706
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can, and 1n some embodiments does, include a wireless
receiver and/or a wired or optical input interface for receiving,
input. Output module 708 may 1nclude, and 1n some embodi-
ments does 1include, a wireless transmitter and/or a wired or
optical output interface for transmitting output signals.

Processor 702, 1n some embodiments, 1s configured to:
determine the location of the wireless terminal; communicate
information indicating the location of a wireless terminal to a
control device, e.g., control node 110; and recerve informa-
tion indicating one or more of said available frequency bands
to be used by said wireless terminal. In some such embodi-
ments, processor 702 1s further configured to: perform a sens-
ing operation to detect signals in one or more frequency bands
under consideration for use by the wireless terminal and to
communicate information 1dentifying one or more available
frequency bands, as part of being configured to communicate
to a control device. The processor 702, 1n some embodiments,
1s further configured to perform sensing, for at least one of one
or more Irequency bands under consideration for use by the
wireless terminal, for at least one of: 1) interference at the
wireless terminal location and 11) a fraction of time said at
least one frequency band 1s used at the wireless terminal
location, as part of being configured to perform a sensing
operation.

Processor 702, 1n some embodiments, 1s further configured
to communicate information indicating an amount of inter-
ference sensed, for one of said frequency bands under con-
sideration for use by the wireless terminal 700, to the control
device. In some embodiments the processor 702 1s further
configured to communicate information indicating the sensed
fraction of time the frequency band i1s used at the wireless
terminal location, for one of said frequency bands under
consideration for use by the wireless terminal, to said control
device. In some embodiments the communicated information
indicates the fraction of time said one of said frequency bands
1s used at the wireless terminal location on a per technology
basis.

In some embodiments the processor 702 1s further config-
ured to communicate information to the control device 1ndi-
cating the technologies supported by the wireless terminal.
Processor 702, in some embodiments 1s further configured to
receive information indicating a communications technology
to be used when communicating 1n an individual one of said
one or more of said available frequency bands to be used by
said wireless terminal. The processor 702 1n some embodi-
ments 1s further configured to communicate information to
the control device 1dentifying peer communications devices
ol interest. In some embodiments at least one of said one or
more of said available frequency bands to be used by the
wireless terminal 700 1s a frequency band that corresponds to
a Irequency band-technology combination used by a peer
device of interest, when a peer device of mterest 1s known to
be 1n the vicinity of the wireless terminal location.

Processor 702 1s further configured to communicate infor-
mation to the control device identifying peer communications
devices of interest; and receive information including a list of
peer communications devices of interest which are in the
vicinity of the wireless terminal and information indicating
frequency bands being used by the peer communications
devices 1n said list of peer communications devices of inter-
est. In some embodiments the received imnformation further
includes information indicating a communications technol-
ogy or communications technologies being used by indi-
vidual peer communications devices of interest when com-
municating 1n an indicated frequency band. Various sets of
received information, e.g., recerved information from the
control device 110, may be stored in the memory 704.
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FIG. 8, comprising the combination of FIG. 8A and FIG.
8B 15 an assembly of modules 800 which can, and 1n some
embodiments 1s, used 1n the wireless terminal 700 1llustrated
in FIG. 7. Assembly of modules 800 includes portion 800qa
and portion 8005. The modules 1 the assembly 800 can be
implemented 1n hardware within the processor 702 of F1G. 7,
¢.g., as individual circuits. Alternatively, the modules may be
implemented 1n software and stored 1in the memory 704 of the
wireless terminal 700 shown 1 FIG. 7. While shown in the
FIG. 7 embodiment as a single processor, €.g., computer, 1t
should be appreciated that the processor 702 may be 1mple-
mented as one or more processors, €.g., computers. When
implemented 1n soiftware the modules include code, which
when executed by the processor, configure the processor, e.g.,
computer, 702 to implement the function corresponding to
the module. In some embodiments, processor 702 1s config-
ured to implement each of the modules of the assembly of
modules 800. In embodiments where the assembly of mod-
ules 800 1s stored in the memory 704, the memory 704 1s a
computer program product comprising a computer readable
medium comprising code, e.g., individual code for each mod-
ule, for causing at least one computer, e.g., processor 702, to
implement the functions to which the modules correspond.

Completely hardware based or completely software based
modules may be used. However, 1t should be appreciated that
any combination of soiftware and hardware (e.g., circuit
implemented) modules may be used to implement the func-
tions. As should be appreciated, the modules 1llustrated in
FIG. 8 control and/or configure the wireless terminal 700 or
clements therein such as the processor 702, to perform the
functions of the corresponding steps illustrated and/or

described i1n the method of flowchart 600 of FI1G. 6.

The assembly of modules 800 includes a module corre-
sponding to each step of the method of flowchart 600 shown
in FIG. 6. The module in FIG. 8 which performs or controls
the processor 702 to perform a corresponding step shown in
flowchart 600 1s 1dentified with a number beginning with an 8
instead of beginning with 6. Assembly of modules 800
includes a module 804 for determining the location of the
wireless terminal, a module 806 for requesting, from a data-

base, information indicating one or more frequency bands
which may be available at the wireless terminal location, a
module 807 for accessing stored information which includes
lists of frequency bands which may be available for each of a
plurality of locations, to obtain one or more frequency bands
which may be available for use by the wireless terminal at its
determined current location, and a module 810 for receiving,
from the database, information indicating one or more fre-
quency bands which may be available for use at the wireless
terminal location. In some embodiments the module 806
includes a module 808 for communicating the current loca-
tion of the wireless terminal to the database.

The assembly of modules further includes a module 812
for performing a channel sensing operation at the wireless
terminal location to detect signals 1n one or more frequency
bands under consideration for use by the wireless terminal, a
module 816 for using the sensed information to 1dentify fre-
quency bands that are unavailable for use by the wireless
terminal, a module 817 for identifying one or more available
frequency bands from the wireless terminal’s perspective,
and a module 818 for communicating device information
and/or other information to a control device. In some embodi-
ments the module for performing a channel sensing operation
812 includes a module 814 for sensing for one or more fre-
quency bands under consideration for use, at least one of 1)
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interference at the wireless terminal location and 11) a fraction
of time the at least one frequency band 1s used at the wireless
terminal location.

Module 818 for communicating device information and/or
other information to a control device includes a module 820
for communicating information indicating the location of
wireless terminal and, optionally, information identifying one
or more available frequency bands. In some embodiments,
module 818 includes one or more of: a module 822 for com-
municating information indicating an amount of interference
sensed, for one or more of the frequency bands under consid-
cration for use by the wireless terminal, a module 824 for
communicating information indicating the sensed fraction of
time the frequency band 1s used at the wireless terminal
location, for one or more of said frequency bands under
consideration for use by the wireless terminal, a module 826
for communicating mformation indicating the technologies
supported by the wireless terminal, and a module 828 for
communicating information identifying peer communica-
tions devices of interest.

In some embodiments, module 824 communicates infor-
mation mdicating the fraction of time one of said frequency
bands 1s used at the wireless terminal location on a per tech-
nology basis. In some embodiments, at times, at least one of
said one or more available frequency bands to be used by said
wireless terminal 1s a frequency band that corresponds to a
frequency band-technology combination used by a peer
device of interest when a peer device of interest 1s known to be
in the vicinity of the wireless terminal location.

The assembly of modules 800 further includes a module
832 for recerving mformation from a control device, and a
module 840 for transmitting and/or recerving information
using the frequency band and/or bands and one or more of the
technologies specified by a control device. Module 832 for
receiving information from a control device includes a mod-
ule 834 for receiving information indicating one or more of
the available frequency bands to be used by the wireless
terminal. In some embodiments, module 834 1s also for
receiving information indicating the time frequency band
availability remains valid, for one or more frequency bands,
along with receiving information indicating the one or more
available frequency bands to be used.

In various embodiments, module 832 for recerving infor-
mation from a control device includes one or more of: a
module 836 for receving information indicating a commu-
nications technology to be used when communicating 1n an
individual one of said one or more of said available frequency
bands to be used by the wireless terminal and a module 838
for receiving information including a list of peer communi-
cations devices of interest which are 1n the vicinity of the
wireless terminal and information indicating the frequency
bands being used by the peer communications devices of
interest in said list of peer communications devices of inter-
est. In some embodiments the recerved information further
includes information indicating commumnications technology
or communications technologies being used by individual
peer devices of iterest when communicating 1n an indicated
frequency band.

Module 840 includes a module 841 for transmitting infor-
mation, €.g., to other peer to peer devices, using the frequency
band and/or bands and one or more technologies specified by
the control device, and a module 843 for recerving informa-
tion, €.g., from other peer to peer devices, using the frequency
band and/or bands and one or more technologies specified by
the control device.

FIG. 9 1llustrates an exemplary FCC compliant database
900, 1n accordance with one embodiment. The FCC compli-
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ant database 900 can be used as the database 122 shown 1n the
system of FIG. 1. Various communications devices may
access the database 900, e.g., through an access point, and/or
through the Internet. In accordance with one aspect of some
embodiments, a communications device, €.g., wireless termi-
nal that intends to use a frequency band, e.g., intends to use a
frequency band corresponding to unused TV channels at a
particular location for peer to peer signaling, will first access
the FCC database 900 to obtain information on the frequency
bands which may be available at the wireless terminal’s loca-
tion.

The FCC database 900 includes a plurality of sets of infor-
mation for each of a plurality of different locations. In the
FI1G. 9 embodiment, FCC database 900 includes information
for N different locations (information set for location
1902, ..., mmformation set for location N 920). Each infor-
mation set corresponding to a location further includes a
plurality of sets of information. Information set for location 1
902 includes immformation regarding available frequency
bands at location 1 904, protected radio services information
906, and recommended transmission power mformation for
cach available frequency band 908. Various sets of informa-
tion corresponding to information set 902 are discussed and 1t
1s understood that similar information for each of the other
locations may be available.

Information regarding available frequency bands 904
includes list of frequency bands corresponding to unused TV
channels which may be available for use at location 1 at the
given time. As an example, the information set 904 shows a
list of frequency bands including frequency band 7, band 8,
band 11, . . ., frequency band X. In some embodiments the
information set 904 includes an indication of availability time
period for each of the available frequency bands.

Protected radio services information 906 includes informa-
tion regarding, e.g., protected services at location 1. This
includes mnformation regarding frequency bands used for TV
broadcast, information on Broadcast Auxiliary Service
(BAS) facilities which use vacant television channels for
fixed point-to-point links. In some embodiments the database
may include: (1) transmitter coordinates, e.g., latitude and
longitude of the transmitter, (2) recerver coordinates, e.g.,
latitude and longitude or the recerver, (3) channel number, and
(4) call sign information.

Recommended transmission power information 908
includes information regarding FCC recommended transmis-
s1ion power levels that may be used for transmitting signals 1n
cach of the available frequency bands at the given location. In
various embodiments steps may be taken to curb interference
that may be caused to subscriber TV recervers due to wireless
communications 1n the available frequency band correspond-
ing to unused TV channels. Recommended transmission
power information 908 provides information on the transmis-
s10n power constraints, to the communications devices which
seek to use the available frequency bands at a given location.

Various aspects and/or features used 1n some, but not nec-
essarily all, embodiments will be described. In accordance
with some embodiment a centralized control device e.g., such
as control node and a database are used to coordinate usage of
frequency bands corresponding to white space. In various
embodiments, operations are performed in accordance with
the FCC regulations which indicate that communications
devices consult a database to determine usability of one or
more channels at a certain location. In accordance with one
aspect, the control device 1s used in managing the interference
on the white space.
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Among other things, some of the functions thatmay be, and
sometimes are, performed by the central control device, 1n
accordance with some embodiments, include:

1. Help devices find other devices of interest that are geo-
graphically close by, and find out the technology and
channel that they are using.

2. Do a load balancing of various technologies across dif-
ferent available frequency bands based on a fairness
criterion.

3. Do a load balancing of various devices using the same
technology across available frequency bands.

In accordance with some embodiment, each device, e.g.,
wireless terminal, that intends to use white space, reports to
the control device, various information including, for
example:

1. Location.

2. Technology (e.g. Wik1, 3G).

3. Other information such as, e.g., available channels,

interference environment sensed, etc.

The control device, 1n at least some embodiments, uses the
information received from various devices and the informa-
tion 1n the database to perform a geographical load balancing,
of various technologies, and reports back to the device, e.g.
reports back information to the wireless terminal. Various
information, that in some embodiments 1s sent from the con-
trol device to the wireless terminal includes, e.g., (1) preferred
frequency bands available for the technology 1n use, (11) pre-
terred frequency band to be used by the device, and/or (i11)
close by devices of interest and their preferred frequency
bands. The control device 1 at least some embodiments uses
the information recerved from various devices, e.g., wireless
terminals, and the information in the database to determine
which band or bands a particular wireless terminal should use
for communications, €.g., for peer to peer communications as
part of a local peer to peer network.

The techniques of various embodiments may be 1mple-
mented using soitware, hardware and/or a combination of
software and hardware. Various embodiments are directed to
apparatus, e.g., mobile nodes such as mobile terminals, base
stations, communications system. Various embodiments are
also directed to methods, e.g., method of controlling and/or
operating mobile nodes, base stations and/or communica-
tions systems, e.g., hosts. Various embodiments are also
directed to machine, e.g., computer, readable medium, e.g.,
ROM, RAM, CDs, hard discs, etc., which include machine
readable mstructions for controlling a machine to implement
one or more steps ol a method.

It 1s understood that the specific order or hierarchy of steps
in the processes disclosed 1s an example of exemplary
approaches. Based upon design preferences, 1t 1s understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims present
clements of the various steps 1n a sample order, and are not
meant to be limited to the specific order or hierarchy pre-
sented.

In various embodiments nodes described herein are imple-
mented using one or more modules to perform the steps
corresponding to one or more methods, for example, signal
processing, message generation and/or transmission steps.
Thus, 1n some embodiments various features are imple-
mented using modules. Such modules may be implemented
using software, hardware or a combination of software and
hardware. Many of the above described methods or method
steps can be implemented using machine executable instruc-
tions, such as software, included in a machine readable
medium such as a memory device, e.g., RAM, tloppy disk,

10

15

20

25

30

35

40

45

50

55

60

65

22

etc. to control a machine, e.g., general purpose computer with
or without additional hardware, to implement all or portions
of the above described methods, e.g., 1n one or more nodes.
Accordingly, among other things, various embodiments are
directed to a machine-readable medium including machine
executable mstructions for causing a machine, e.g., processor
and associated hardware, to perform one or more of the steps
of the above-described method(s). Some embodiments are
directed to a device, e.g., communications node, including a
processor configured to implement one, multiple or all of the
steps of one or more methods discussed above.

In some embodiments, the processor or processors, €.g.,
CPUs, of one or more devices, €.g., communications nodes
such as access nodes and/or wireless terminals, are config-
ured to perform the steps of the methods described as being
performed by the communications nodes. The configuration
of the processor may be achieved by using one or more
modules, e.g., software modules, to control processor con-
figuration and/or by including hardware 1n the processor, e.g.,
hardware modules, to perform the recited steps and/or control
processor configuration. Accordingly, some but not all
embodiments are directed to a device, e.g., communications
node, with a processor which includes a module correspond-
ing to each of the steps of the various described methods
performed by the device in which the processor is included. In
some but not all embodiments a device, e.g., communications
node, includes a module corresponding to each of the steps of
the various described methods performed by the device in
which the processor 1s included. The modules may be imple-
mented using software and/or hardware.

Some embodiments are directed to a computer program
product comprising a computer-readable medium comprising,
code for causing a computer, or multiple computers, to imple-
ment various functions, steps, acts and/or operations, €.g. one
or more steps described above. Depending on the embodi-
ment, the computer program product can, and sometimes
does, include different code for each step to be performed.
Thus, the computer program product may, and sometimes
does, include code for each individual step of a method, e.g.,
a method of controlling a communications device or node.
The code may be 1n the form of machine, e.g., computer,
executable 1nstructions stored on a computer-readable
medium such as a RAM (Random Access Memory), ROM
(Read Only Memory) or other type of storage device. In
addition to being directed to a computer program product,
some embodiments are directed to a processor configured to
implement one or more of the various functions, steps, acts
and/or operations of one or more methods described above.
Accordingly, some embodiments are directed to a processor,
e.g., CPU, configured to implement some or all of the steps of
the methods described herein. The processor may be for use
1n, €.g., a communications device or other device described 1n
the present application.

Numerous additional variations on the methods and appa-
ratus of the various embodiments described above will be
apparent to those skilled i the art in view of the above
description. Such varniations are to be considered within the
scope. The methods and apparatus may be, and in various
embodiments are, used with CDMA, orthogonal frequency
division multiplexing (OFDM), and/or various other types of
communications techniques which may be used to provide
wireless communications links. In some embodiments the
gateway devices are implemented as access points which
establish communications links with mobile nodes using
OFDM and/or CDMA and/or may provide connectivity to the
Internet or another network via a wired or wireless commu-
nications link. In various embodiments the mobile nodes are
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implemented as notebook computers, personal data assistants
(PDAs), or other portable devices including receiver/trans-
mitter circuits and logic and/or routines, for implementing the
methods.

What 1s claimed 1s:

1. A method of allocating a frequency band for wireless
communication, the method comprising:

receiving mput including information indicating a location

of a wireless terminal;

accessing mformation from a database including channel

information on a per ifrequency band and location basis,
the accessed mnformation including, for at least one fre-
quency band, device number information on a per tech-
nology basis for each of a plurality of different indi-
vidual technologies, device number information for an
individual technology indicating the number of devices
using said individual technology in said at least one
frequency band; and

assigning one ol one or more available frequency bands to

said wireless terminal based on said accessed database
information.

2. The method of claim 1, wherein assigning one of said
one or more available frequency bands includes:

generating a band-technology performance metric as a

function of said accessed database information for each
of a plurality of communications technologies which
can be supported by said wireless terminal, multiple
band-technology performance metrics being generated
for at least one frequency band, each of said multiple-
technology performance metrics corresponding to a dif-
ferent technology.

3. The method of claim 1, further comprising;

receiving information, from the wireless terminal, prior to

said assigning, indicating the technologies supported by
said wireless terminal.

4. The method of claim 2, wherein assigning one of said
one or more available frequency bands further includes:

assigning the frequency band having the highest deter-

mined band-technology performance metric.

5. The method of claim 4, wherein the accessed informa-
tion further indicates a fraction of time the frequency band 1s
used at the wireless terminal location on a per technology
basis.

6. The method of claim 4, further comprising;

communicating to the wireless terminal a communications

technology to be used when communicating in the
assigned frequency band.
7. A control device, comprising:
means for recerving input including information indicating
a location of a wireless terminal;

means for accessing information from a database including
channel usage information on a per frequency band and
location basis, the accessed information including, for at
least one frequency band, device number information on
a per technology basis for each of a plurality of different
individual technologies, device number information for
an individual technology indicating the number of
devices using said individual technology 1n said at least
one frequency band; and

means for assigning one of one or more available frequency

bands to said wireless terminal based on said accessed
database information.

8. The control device of claim 7, wherein said means for
assigning one of said one or more available frequency bands
include means for generating a band-technology performance
metric as a function of said accessed database information for
cach of a plurality of communications technologies which
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can be supported by said wireless terminal, said means for
generating a band-technology performance metric generating
multiple band-technology performance metrics for at least
one frequency band, each of said multiple-technology pertor-
mance metrics corresponding to a different technology.
9. The control device of claim 7, further comprising:
means for recerving information, from the wireless termi-
nal, indicating the technologies supported by said wire-
less terminal.
10. The control device of claim 8, wherein said means for
assigning one of said one or more available frequency bands
turther include means for assigning the frequency band hav-

ing the highest determined band-technology performance
metric.

11. A computer program product, for use 1 a control
device, comprising:

a non-transitory computer readable medium comprising;:

code for causing at least one computer to recerve mput
including information indicating a location of a wire-
less terminal;

code for causing said least one computer to access 1nfor-
mation from a database including channel usage
information on a per frequency band and location
basis, the accessed information including, for at least
one frequency band, device number information on a
per technology basis for each of a plurality of different
individual technologies, device number information
for an 1individual technology indicating the number of
devices using said individual technology 1n said at
least one frequency band; and

code for causing said least one computer to assign one of
one or more available frequency bands to said wire-
less terminal based on said accessed database infor-
mation.

12. A control device, comprising:

at least one processor configured to:

receive iput including information indicating a location
of a wireless terminal;

access information from a database including channel
usage information on a per frequency band and loca-
tion basis, the accessed information including, for at
least one frequency band, device number information
on a per technology basis for each of a plurality of
different individual technologies, device number
information for an individual technology indicating
the number of devices using said individual technol-
ogy 1n said at least one frequency band; and

assign one ol one or more available frequency bands to
said wireless terminal based on said accessed data-
base information; and

a memory coupled to said at least one processor.

13. The control device of claim 12, wherein said at least one
processor 1s further configured to generate a band-technology
performance metric as a function of said accessed database
information for each of a plurality of communications tech-
nologies which can be supported by said wireless terminal in
a frequency band.

14. The control device of claim 12, wherein said at least one
processor 1s further configured to receive, from the wireless
terminal, information indicating the technologies supported
by said wireless terminal.

15. The control device of claim 13, wherein said at least one
processor 1s further configured to assign the frequency band
having the highest determined band-technology performance
metric, as part ol being configured to assign one of one or
more available frequency bands to said wireless.
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16. A method of operating a wireless terminal, comprising:

determining the location of the wireless terminal;

communicating information indicating the location of said
wireless terminal to a control device; and

used at the wireless terminal location, to said control
device.
21. The method of claim 19, wherein said available fre-

26

nal, a fraction of time said at least one of one or more
frequency bands 1s used at the wireless terminal loca-
tion.

25. The wireless terminal of claim 22, further comprising:

receiving information indicating an available frequency 5 ~ means for communicating information identifying peer
band assigned for use to said wireless terminal by said communications devices of interest to said control
control device and information indicating a technology device. | |
to be used 1n said assigned frequency band, said assign- 26_' A compuier program product, for use in a wireless
ment being based on accessed mnformation from a data- terminal, COHIPHSIIZ- , ..
base, the accessed information including, for atleast one o a non—transnory. computer readable medium R
frequency band, device number information on a per coiie foy causfu}lg at ?ealst OLe Co.mpll_l ter to determine the
technology basis for each of a plurality of different indi- co doeC?;ercI:laEsitnge ;?il;le 12831 ,[t i?::iiﬁlpu U —
T‘gid}la_l technologies, d?Vi'“?e Il}lIlle:I‘ Intormation fo%' il cate information indicating the location of said wire-
1n§11V1du§11 tc.ech{lcirlogy indicating, thfa nuqlber ot devices . less terminal to a control device: and
using said individual technology in said at least one code for causing said least one computer to receive infor-
frequency band. mation 1ndicating an available {frequency band
17. The method of claim 16, assigned for use to said wireless terminal by said
wherein said communicating includes communicating control device and imnformation indicating a technol-
information indicating the technologies SllppOl"[Bd by 0 ogy 1o be used 1n said assigned frequency band, said
said wireless terminal to said control device. assignment being based on accessed information
18. The method of claim 17, further comprising performs- from a database, the accessed information including,
ing a sensing operation including; for at least one frequency band, device number infor-
sensing, for at least one of one or more frequency bands mation on a per technology basis for each of a plural-
under consideration for use by the wireless terminal, a 25 ity of different individual technologies, device num-
fraction of time said at least one of one or more fre- ]_3‘31’ | iqformation for an ‘indiviidual | tgch{lqlogy
quency bands 1s used at the wireless terminal location. indicating th@ number of devices using said individual
19. The method of claim 16, further comprising: technology 1n said at least one frequency band.
communicating information identifying peer communica- 27. A wireless terminal, comprising:
tions devices of 1nterest to said control device. 30 at least OLE PIOCEssOT ‘conﬁgur ed to: _
20. The method of claim 18, further comprising;: determ1n§ the 'IOCEltIOIl‘Of t.h © }mr?less ’[61'111111{-:11; .
communicating information indicating the sensed fraction Coml.nulmcatte 1nfonﬁat10n 1nf[11cia gng.tht? IO?UOH of said
of time the at least one of one or more frequency bands e e:ssf T z.con. O ev1ce.,,1 aﬁ] .
under consideration for use by the wireless terminal 1s receive miormation indicating an avarable requency
35 band assigned for use to said wireless terminal by said

control device and imnformation indicating a technol-
ogy to be used 1n said assigned frequency band, said
assignment being based on accessed information

quency band assigned for use to said wireless terminal 1s a
frequency band that corresponds to a frequency band-tech- 4
nology combination used by a peer device of interest when a
peer device of interest 1s known to be 1n the vicinity of the

from a database, the accessed information including,
for at least one frequency band, device number 1nfor-
mation on a per technology basis for each of a plural-
ity of different individual technologies, device num-

wireless terminal location.

22. A wireless terminal, comprising;

ber 1information for an 1individual technology
indicating the number of devices using said individual

means for determining the location of the wireless termi- 45 technology in said at least one frequency band; and
nal; a memory coupled to said at least one processor.
means for communicating information indicating the loca- 28. The wireless terminal of claim 27, wherein said at least
tion of said wireless terminal to a control device; and one processor 1s Turther configured to:
means for receiving information indicating an available communicate information indicating the technologies sup-
frequency band assigned for use to said wireless termi- 50 ported by said wireless terminal to said control device.
nal by said control device and information indicating a 29. The wireless terminal of claim 28, wherein said at least
technology to be used 1n said assigned frequency band, one processor 1s Turther configured to:
said assignment being based on accessed imnformation sense, for at least one of one or more frequency bands under
from a database, the accessed information including, for consideration for use by the wireless terminal, a fraction
at least one frequency band, device number information 55 of time said at least one of one or more frequency bands
on a per technology basis for each of a plurality of 1s used at the wireless terminal location, as part of being,
different individual technologies, device number infor- configured to perform a sensing operation.
mation for an individual technology indicating the num- 30. The wireless terminal of claim 27, wherein said at least
ber of devices using said individual technology 1n said at one processor 1s Turther configured to:
least one frequency band. 60  communicate information i1dentifying peer communica-
23. The wireless terminal of claim 22, further comprising;: tions devices of interest to said control device; and
means for communicating information indicating the tech- wherein said available frequency band assigned for use to
nologies supported by said wireless terminal to said said wireless terminal 1s a frequency band that corre-
control device. sponds to a frequency band-technology combination
24. The wireless terminal of claim 23, further comprising: 65 used by a peer device of interest when a peer device of

means for sensing, for at least one of one or more frequency
bands under consideration for use by the wireless termi-

interest 1s known to be 1n the vicinity of the wireless
terminal location.
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31. The method of claim 2, wherein said plurality of com-
munications technologies which can be supported by said
wireless terminal 1include at least two technologies from the
group of technologies consisting of CDMA, GSM, Blue-
tooth, and WiF1.
32. The method of claim 1, further comprising:
receiving information from the wireless terminal 1dentify-
ing peer communications devices of interest; and

communicating, to said wireless terminal, information
including a list of peer communications devices of inter-
est which are 1n the vicinity of said wireless terminal and
indicating frequency bands being used by the peer com-
munications devices in said list of peer communications
devices of interest.

33. The method of claim 32, wherein communicating infor-
mation to said wireless terminal further includes communi-
cating which communications technology 1s being used by an
individual peer communications device of interest when com-
municating 1n an indicated frequency band.
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